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$A_{1}$ $arrow$ $A_{9}$ $arrow$
$A_{a}$ $arrow$ $A_{b}$ $arrow$
$A_{c}$ $arrow$ $A_{d}$ $arrow$
$\ovalbox{\tt\small REJECT}_{e}$ $arrow$ $A_{f}$ $arrow$
$A_{2}$ $arrow$ $A_{1},$ $A_{9}$ $A_{3}$ $arrow$ $A_{2},$ $A_{a}$
$A_{4}$ $arrow$ $A_{3},$ $A_{b}$ $A_{5}$ $arrow$ $A_{4},$ $A_{c}$
$A_{6}$ $arrow$ $A_{5},$ $A_{d}$ $A_{7}$ $arrow$ $A_{6},$ $A_{e}$
$A_{8}$ $arrow$ $A_{7},$ $A_{f}$
1
, . ,
$A_{1},$ $A_{9},$ $A_{a},$ $A_{b},$ $A_{c},$ $A_{d},$ $A_{e},$ $A_{f}$ .
, , $A_{t}(t\in\{1, \ldots, 9, a, \ldots, f\})$ . $A_{s}$





[5], [10], [11] , ,





$Q=(X, R)$ . $X$ , $R$
. $\alphaarrow\beta_{1},$
$\ldots,$
$\beta_{n}$ . , $\alpha,$ $\beta_{1},$ $\ldots,$ $\beta_{n}\in X(n\geq 0)$
. $\alphaarrow$ , $\alpha$ , axiom$(Q)$ .
TH $(Q)$ , . ,
$X$ . TH$(Q)$ .
1. axiom$(Q)\subseteq TH(Q)$ .
2. $\beta_{1},$ $\ldots,$ $\beta_{n}\in TH(Q)$ $\alphaarrow\beta_{1},$ $\ldots,$ $\beta_{n}\in R$ , $\alpha\in TH(Q)$ .
$Q$ , $X$ $T$
: $\alpha$ , $\beta_{1},$ $\ldots,$ $\beta_{n}$ $n$ $(n\geq 0)$
$\alphaarrow\beta_{1},$
$\ldots,$
$\beta_{n}$ . $T$ ,
size $(T)$ height(T) .
. $\gamma\in TH(Q)$ , $\gamma$
$T(\gamma)$ . ,
size $( \gamma)=\min${ $size(T(\gamma))|T(\gamma)$ $\gamma$ },




$\beta_{n}(n\geq 3)$ , \gamma 1, ..., $\gamma_{n-2}$ $(\gamma_{1}arrow$
$\beta_{1},$ $\beta_{2}$ )
$,$
$(\gamma_{2}arrow\gamma_{1}, \beta_{3}),\ldots,$ $(\alphaarrow\gamma_{n-2}, \beta_{n})$ . ,
2
73
. , , $Q=(X, R)$
2 .
$Q=(X, R)$ $Q^{B}=$
$(X^{B}, R^{B})$ . $X^{B}=X\cup(X\cross X)\cup(X\cross(X\cross X))$ . $R^{B}$
.
1. $R$ , $R^{B}$ .
2. $xarrow y,$ $(y, x)$
3. $(y, x)arrow z,$ $(z, (y, x))$
4. $(z, x)arrow(z, y),$ $(y, x)$
$Q^{B}$
. $Q^{B}$ 2 .
1 TH$(Q)=TH(Q^{B})\cap X$ .
2 $\gamma\in TH(Q)$ $Q$ . , $Q$ $\gamma$ $T(\gamma)$
, $Q^{B}$ $\gamma$ $T’(\gamma)$
height $(T’(\gamma))\leq 7\cdot\log(size(T(\gamma)))$
.
1 . 2 .
3 $T$ $k$ . ,
size $(T’)<k/(k+1)size(T)$
$size(T”)<k/(k+1)size(T)$
$T$ $v$ . , size $(T)$ . $T’$ $v$
$T$ , $T^{u}$ $T$ $T’$ .
.
2 $x,$ $y\in X$ . $Q$ $y$ $x$ , $Q$
, $x$ , 1 $y$ $Q$
. , (1), (2) .
(1) $(y, x)$ $Q^{B}$ .
3
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(2) $Q$ $y$ $x$ .
$m$ , $S_{1}(m),$ $S_{2}(m)$ .
(3) $S_{1}(m)=${$x\in X|$ $m$ $Q$ $x$ }.
(4) $S_{2}(m)=\{(y, x)\in X\cross X|$ $m$ $Q$ $y$ $x$
}.
, $H(m)$
$H(m)= \max\{height_{Q^{B}}(\alpha)|\alpha\in S_{1}(m)\cup S_{2}(m)\}$
. 1 , $Q$ , $H(1)=0$
. , 2 $R$ $xarrow y$
, $(y, x)$ $Q^{B}$ , $H(2)=0$ . , $H(3)=1$ .
$H(m)$ 2 .
1. $x\in S_{1}(m)$ . $m$ $Q$ $x$ $T$ .
3 , $T$ $y$ , $T_{1}$ $T$ $y$ , $T_{2}$ $T$
,
size $(T_{1})< \frac{2}{3}m-$ , size $(T_{2})< \frac{2}{3}m$
. , $x\in S_{1}((2/3)m),$ $(y, x)\in S_{2}((2/3)m)$ .




2: $Q$ $z$ $x$
4
$7\cdot\cdot 5$
2. $(z, x)\in S_{2}(m)$ . $m$ $Q$ $z$ $x$
$T$ . z‘ \x . $z$ $x$
size $(T_{1})>size(T)/2$ $y$ . , $T_{1}$ $y$
$T$ . $y$ 2 , $T_{2}$ $y_{1}$
$z$ , $y_{2}$ $y_{2}$
, $T_{4}$ $T$
size $(T_{4}) \leq\frac{1}{2}m$ , size $(T_{2}) \leq\frac{1}{2}m$
.
size $(T_{3})\leq m$
. , $y_{2}$ 1 $H((2/3)m)+1$





3 : $Q^{B}$ $(z, x)$





$H(m) \leq 4\log_{\frac{3}{2}}m=\frac{4}{\log_{2}3-1}\log m<7\log m$
.
4 , 1 1
. 2 .
1, 2 , CRCW PRAM , TH$(Q^{B})$
O(log(size(Q))) (Algorithm 1).
begin
for $k=1$ to $7\cdot\log(size(Q))$
pardo for each $\alphaarrow\beta_{1},$ $\ldots,$ $\beta_{n}\in R^{B}$





Algorithm 1: TH $(Q^{B})$
, size $(Q)$ $|X|$ , size $(Q)$
$Q$ , $O(\log n)$ .
6
$7y$
$\{Q_{i}=(X_{i}, R_{i})\}_{i\geq 1}$ . $p(n)$ ,
$\gamma\in TH(Q_{i})$ size $(T(\gamma))\leq p(|x_{:}|)$ $Q_{i}$ $T(\gamma)$ ,
.
.
4 $\{Q_{i}\}_{i\geq 1}$ . TH$(Q_{i})$ ,




. , , $NC^{1}$
, $NC^{2}$ . ,
. .
1. 2-Satisfiability Problem $(2SAT)[1],$ $[4]$ , CRCW PRAM
$O(\log n)$ .
$S=\{\{\alpha_{1}, \beta_{1}\}, \{\alpha_{2}, \beta_{2}\}, \ldots, \{\alpha_{m}, \beta_{m}\}\}$ $2SAT$ instance . , $\alpha;,$ $\beta_{1}\in$
$\{x_{1}, \neg x_{1}, \ldots, x_{n}, \neg x_{n}\}$ . $S$ , unit resolution
$Q_{S}=(X_{S}, R_{S})$ .
$X_{S}$ $=$ $\{\{\alpha, \beta\}|\alpha, \beta\in\{x_{!}, \neg x_{1}, \ldots, x_{n}, \neg x_{n}\}\}$
\cup { }
$Q_{S}$ .
$\{\alpha_{i}, \beta_{i}\}$ $arrow$ $(i=1, ..., m)$
$\{\alpha, \gamma\}$ $arrow$ $\{\alpha, \beta\},$ $\{\neg\beta, \gamma\}$
$\{\gamma\}$ $arrow$ $\{\beta\},$ $\{\neg\beta, \gamma\}$




$\{x_{1}, \neg x_{1}, \ldots, x_{n}, \neg x_{n}\}$ .
, $S$ , $\gamma_{1},$ $\ldots$ ,
, (1) , (2) (3) [3].
$\square \in TH(Q_{S})\Leftrightarrow S\not\in 2SAT$ . size $(Q_{S})$ $O(m)$ .
(1) $1\leq i\leq k-1$ , $\{\neg\gamma_{i}, \gamma_{i+1}\}\in S$ .
(2) $\{\gamma_{1}\}\in S$ $\gamma_{k}=\neg\gamma_{1}$ .





$Sarrow SS,$ $Sarrow(S),$ $Sarrow()$ ,
, ( ) . $w=x_{1}\cdots x_{n}$ ,
$Q_{w}=(X_{w}, R_{w})$ .
$X_{w}=$ { $S[i,$ $j]|j-i$ , $0\leq i<j\leq n$ }.
(1) $x_{i+1}x_{i+2}=$ $()$ , $S[i, i+2]arrow$ .
(2) $x_{i}=$ ( $x_{\dot{r}+1}=$ ) , $S[i-1, j+1]arrow S[i, j]$ .
(3) $S[i, k]arrow S[i, j],$ $S[j, k]$ .
. ,
$S[i, j]\in TH(Q_{w})\Leftrightarrow S\Rightarrow^{*}x_{i+1}\cdots x_{j}$
, $\{Q_{w}\}$ 4 .
3. .
. .




, . $AuxPDA(n^{O(1)}, \log n)$ ,
, $O(\log n)$ (
) auxiliary
. ,
[7] . , $AuxPDA(n^{O(1)}, \log n)\subseteq NC^{2}$
[8], [9]. , ,
, .
4. (LFMIS) $P$ , (forest)
, $NC^{2}$ [7].
$G=(V, E),$ $V=\{1, \ldots, n\}$ , :
$i\in V$ , $N(i)=\{\gamma|\{i, j\}\in E, j<i\}$ .
:
(1) $j\in N(i)$ , $\neg iarrow j$ .






5. $K_{4}$ (homeomorphic) ,
3
$NC^{2}$ . 1
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